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[Abstract] 

The invention relates to technology for producing optical materials that are transparent in 
the ultraviolet, visible and infrared regions of the spectrum, namely highly pure solid crystals of 
fluorides of alkaline earth and rare earth metals, in particular magnesium fluoride. The method 
includes heating the starting materials, vacuum evaporation of it at a temperature of 1200- 
1300°C with a precipitation rate of the basic crystalline material of 0.6-2.4 mm/h on a substrate 
heated to 1 100-1 180°C, which is made of an amorphous material, for example carbon fiber 
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fabric. The resulting single crystals of magnesium fluoride are oriented in the plane, have 
improved strength and radiation resistance. 2 dependent claims, 2 illustrations, 1 table. 

The invention relates to the technology for production of optical materials that are 
transparent in the ultraviolet (UV), visible and infrared (IR) regions of the spectrum, namely for 
production of highly pure solid crystals of fluorides of alkaline earth and rare earth metals, in 
particular magnesium fluoride (MgF 2 ). 

The following demands are made on optical crystalline materials: 

high transmittance in the UV, visible and IR regions of the spectrum; 

high mechanical strength; 

high resistance to electromagnetic and y-radiation; 

specified orientation of individual regions of the crystalline materials. 

There is a known method of growing crystals of alkaline earth and rare earth fluorides 
that involves heating the starting materials - a highly pure powder, for example magnesium 
fluoride - to a temperature above the melting point of the given material. A constant flow of 
hydrogen fluoride is created in the furnace. The crucible containing the melt is slowly advanced 
at a controlled speed through the field of the maximum temperature gradient into the 
crystallization zone. Single-crystal MgF 2 obtained by this method has high transmittance in the 
UV, visible and IR regions of the spectrum. In connection with the presence of the large 
temperature gradient in the growth zone - on the order of 400°C, the blanks come out in block 
shape with arbitrary orientation and are not uniform with regard to stresses within the material. 
In addition, in the course of growing them nonvolatile impurities are not removed and become 
unevenly distributed in the direction of crystal growth. This leads to a crystal with insufficient 
radiation resistance. 

There is a known method of purifying fluorides by sublimation of starting material heated 
in a platinum crucible in a stream of dry hydrogen fluoride. This method does not provide for the 
production of pure fluorides as more uniform single crystals, since oxygen-containing 
compounds are subject to fluorination and precipitate in the growth zone. The method is not 
applicable for the production of MgF 2 with a high growth rate. 

Closest to the disclosed invention with regard to technological process and totality of 
important characteristics is a method for producing an optical element that includes deposition of 
precalcined zinc sulfide onto a heated substrate by means of vacuum evaporation. The 
evaporation is carried out at a rate of 0.02-0.10 mm/h at an evaporation temperature of 1000- 
1080°C and a substrate temperature of 650-850°C. The substrate is made of polycrystalline zinc 
selenide. A structural optical element in the form of a disk with a protective layer of zinc sulfide 
that has high reliability in protecting the elements under unfavorable weather conditions is 
obtained by this method. 


The described technological process does not allow a single crystal element of fluorides 
of alkaline earth metals, in particular MgF 2 , to be obtained because of the presence of large 
temperature gradient (up to 350°C). 

The task of the invention is the possibility of producing magnesium fluoride single 
crystals with improved strength and radiation resistance and also a crystal that is oriented in the 
plane. 

This task is solved with the aid of a method that consists of heating the starting material, 
vacuum evaporation of it at a controlled rate onto a heated substrate, and in which, in contrast to 
the prototype, powdered or crystalline magnesium fluoride is used as the starting material, 
evaporation is carried out at an evaporation temperature of 1200-1300°C at a rate of deposition 
of the basic crystalline substance (crystal growth) of 0.6-2.4 mm/h onto the substrate heated to 
1100-1180 o C. In this case it is expedient to use a substrate of an amorphous material. Such a 
material can be a carbon fiber fabric. 

Also possible is a solution to this task using a substrate of the same crystalline material as 
the crystal being grown, with the specified orientation. However, making the substrate of an 
amorphous material is simpler and cheaper. Such material can be a ceramic (AI2O3) or 
amorphous metal. 

With this method one obtains high strength and radiation-resistant material owing to the 
creation of a defect-free structure containing significantly pure impurities, in particular oxides, 
fluorides, carbides, etc. Purification of the basic substance is achieved owing to the elimination 
of impurities that have different degrees of volatility, since the basic substance has a greater 
degree of volatility than these impurities do. 

The resulting single crystal has orientation in the (110) plane perpendicular to the axis of 
growth, which is achieved by the realization of crystal orientation that is highly favorable for the 
standpoint of energy with precipitation of the substance from the vapor in a low temperature 
gradient zone (AT > 20-200°C) and also the use of a substrate of amorphous material. The 
amorphous material does not interact with the magnesium fluoride, does not have an energy 
effect on the growing crystal, since long-range-order forces are absent. 

The cleavage plane of the single crystal is perpendicular to the substrate, which from the 
standpoint of energy is very advantageous for orientation of the crystal relative to the substrate. 

This temperature regime is optimum for the production of single crystals of magnesium 
fluoride with high optical quality that are oriented in the (110) plane. The rate of condensation is 
selected and controlled experimentally. The temperature regimes are chosen by experimental 
means with the aid of the construction of a container corresponding to the setting of the heater, 
shields, and thermocouples. Here the substrate can be arranged both in direct proximity to the 
supplied starting material and at a maximum distance from it that is equal to 2.5 diameters of the 


container, which supports the necessary temperature gradient. However, this distance should not 
exceed this maximum, since otherwise this will lead to contamination of the basic substance 
from the walls of the container. 

Figure 1 shows a general view of an evaporation-precipitation unit, which consists of 
container 1 with cover 2, under which substrate 4 is affixed with the aid of clamp ring 3. Single 
crystal 5 forms on substrate 4. The starting material 6 is placed at the bottom of container 1, 
coaxial to which in the direct proximity of its walls is situated heater 7. Shields 8 surround 
container 1 with heater 7. On the outside of the bottom of container 1 there is a thermocouple 9 
for heating the starting material 6, and near substrate 5 and the wall of the container 1 is a 
thermocouple 10 for heating the substrate 4. 

Figure 2 represents the dependence of the transmittance of single-crystal MgF 2 on 
wavelength for different doses of y-radiation. Curves (a) and (b) are characteristics of the single 
crystal obtained by the proposed method at irradiation of 1 .1 x 10 5 Gy and 5.1 x 10 5 Gy, 
respectively, while curves (c) and (d) are characteristics of a single crystal obtained by growing it 
from the melt for the same y -radiation values, respectively. 

The proposed method of producing MgF 2 single crystals is carried out in the following 
way. Fragments of magnesium fluoride obtained from the melt are charged into quasi-closed 
container 1 with cover 2, which is made of graphite and covered with a layer of pyrocarbon. 
Substrate 4 of amorphous material, for example carbon fiber fabric, is positioned in the vicinity 
of cover 2 within the container with the aid of clamp ring 3, which is made of a neutral material, 
for example graphite. The thickness of the cloth is 0.8-15 mm, with thread thickness of 0.5- 

1 mm. The cloth that is chosen is pyrographitized cloth, type PGT. The specified 
temperature gradient is created by placing the container in the corresponding region of the 
formed temperature field by choosing the design of heater 7 and shield 8. The assembly is placed 
in a sealed chamber, in which a vacuum is created with the aid of prevacuum pumps and 
diffusion oil pumps. At room temperature a residual gas pressure P=0.1 Pa was achieved in the 
unit while at the evaporation temperature the vacuum was on the order of 1-10 Pa. The 
temperature regime is created with the aid of two thermocouples 9 and 10, which are respectively 
situated around the starting material 6 and substrate 4. Heating begins when the pressure P=0. 1 
Pa is reached and continues for 8 to 12 hours. The length of the evaporation process is 8 to 24 
hours. At the optimum deposition rate of 0.6-2.4 mm/h a compact disk of MgF 2 single crystal 8- 
25 mm thick is obtained. When 1 .5 kg crystal fragments of starting material were charged, a 
single-crystal disk 100 mm in diameter in 10 mm thick was obtained. 

The appearance of the single crystal is a disk 100 mm in diameter and 10 mm thick with 
the following characteristics: density 3.18 g/cm 3 ; microhardness 3.7 GPa; bending strength 


55.5 MPa; crack resistance (K lc ) 0.91 8 MPa • m ,/2 , which confirms the high quality of the 
resulting MgF 2 single crystal. 

The results of specific conditions are summarized in the table. Of the examples in the 
table the following are nonoptimum: No. 1 - the evaporation and deposition temperatures are 
insufficient to obtain a stable product; Nos. 5 and 6 - the evaporation temperature exceeds the 
disclosed regime at the maximum temperature of the substrate and exceeds this level, which 
leads to deposition of coarse-block materials with disrupted orientation in individual regions; 

No. 7 - analog - crystals that are randomly oriented relative to the axis of growth 
obtained from the melt and have less strength and less radiation resistance, which is particularly 
noticeable from the coefficient from the transmittance in the 220-280 \xn region (see Figure 2). 
Crystals obtained under the optimum regime in accordance with the disclosed method (Examples 
2-4) have higher strength and radiation resistance and are strictly oriented perpendicular to the 
axis of growth. 

Properties were measured in correspondence with generally accepted techniques. The 
radiation resistance was determined by measuring x of samples after irradiation with Co y- 
radiation for 6-24 h. Transmittance coefficients of the materials were determined with the aid of 
SF-26 and IKF-20 spectrophotometers. Microhardness and crack resistance were determined on 
a PMT-3 microhardness gauge. The microhardness was determined at a load of IN, and a crack 
resistance at 5.6N. Bending strength was tested by four point bending on an Instron universal test 
machine. Samples for testing were made in the form of parallelepipeds. The density of the 
samples was determined by hydrostatic weighing in toluene. 

Claims 

1 . A method of growing crystals from the vapor phase, which includes heating the 
starting material, vacuum evaporation of it at a controlled rate onto a heated substrate, which is 
distinguished by the fact as the starting material one uses a powder or broken crystals of 
magnesium fluoride, the evaporation is carried out in an evaporation temperature of 1200- 
1300°C with a rate of deposition of the basic crystal material of 0.6-2.4 mm/h onto substrate 
heated to 1 100-1 180°C. 

2. A method as in Claim 1, which is distinguished by the fact that deposition of the basic 
crystalline substance takes place onto a substrate make of an amorphous material. 

3. A method as in Claim 2, which is distinguished by the fact that deposition of the basic 
crystalline substance takes place onto a substrate make in the form of a segment of cloth of 
carbon fiber. 
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Key: 1 Sample No. 

2 Evaporation temperature, °C 

3 Growth temperature, °C of substrate 

4 Rate of deposition, mm/h (mass transfer, g/h) 

5 Structure, average size, grain, mm (orientation parallel to substrate) 

6 Bending strength, MPa (orientation to plane) 

7 Transmittance after irradiation (d = 3 mm) 

8 Single crystal from milk 

9 Polycrystalline 

10 Single crystal 

1 1 Coarse-block, single-crystal 

12 Gy 



Figure 1 
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omweooot aaTepnanea iptupaw a yrc*- 
TpacJjMoneToao* bh^wom m MHctpaKpaoioA oflnac- 
thx owopa. a m mcw o ocofoacTbK TBepflbix 
KpHcrannoe <t>TopKfloe menoHH03eMenbHb<x n pea- 
K03eMermix neiamoe, b Macmocm <t>T0p«fla 
narma Cnocofi aowaer xarpes ncxorhoto *a- 
xepMana. ero saKyymoe McnapeHMe npM rewiepa- 
iype 1200 - 1300°C co cropocTwo ocsHAewm 
ocHcaMoro ftpMcrarroeocoro setueoBa 0:6 - 2.4 
Ha nowKwae. Harpero* no 1100 - 1180°C 
KOTopan BunomeKa ia aMop^noro uaiepma. 
HanpMMep tkshh ia jmepoflworo aonojwa (Tofiy- 
Hewftie Aamyu cnoco6ou MOHOKpnaamu 0topm- 
Aa MaHTHH opMeHnfxiBaHU a nnoococTM. otinaoaiOT 
nOBbU Pt t ii — i rpowocTwo m paflHauMOHHOM cto*- 
Koawa 2 an o>hi* 2 na 1 Tatoi 
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U3o6peTe>uie othocmtcb it TexHonontw 
nonyveHMn omwecKHX MaTepMa/ioe, npoapaM- 
hwx s ynbTpa^MoneToeoA (YcD) bmammom m mh- 
4>paxpacHou (UK) o6nacTs»x cnexTpa. a mmsh'ho 
x ncwyHSHHK) ocoochmctux TaepAux xpHCTan- 5 
/iob <|>TopviAOB tueyiOMsr»3eMeflbMux m peAxo- 
3eMenbHbix MeTaivnoe. a m3cthocth $TopMAa 
Marxian (MgFa). 

K onTMHecxHM RpMCTan/iHMecKMM MaTeptt- 
anan npeAbRB/»»»Tc» cneAyntuMe Tpe6oBa- 10 
mm: 

aucoxoe nponycxaHwe b ya>~, bmammom m 
MK-o6nacTax cnexTpa: 

Bucoxaq MexaHMMecxan nposMocn,; 

BblCOKBB yCTOHVMBOCTb X 3/16KTpOHdrHMT~ 15 
HOMy M >^M3JiyMeHMK}: 

3dA<3HHan opMeKTauMn OTAe/ibHbix ynacr- 

KOB kpMCTa/1/IHHeCXMX oopaaiioa. 

HaaecTeH cnoco6 Bt*pamMBaH»ta KpwcTan- 
/iob uteiiOHH03eMe/ibHbix m peAxo3eMejibHbtx 20 
(pTopMAOB. Bx/ixxaK>mxM Harpes McxoAHoro 
MaTepnaiia - BUCOxoMHCToro nopouixa. na- 
npMMep <t»TOpMAa MamHu, ao TeMneparypbi. 
Bbiiue TeMneparypu nnaaneHMfi ABHHoro Ma- 
Tepwana. 8 nenw cosAaxrr nocTonHHuw noTox 25 
<pTopMCToro BOAopoAa. Twre/ib c pacnnasoM 
MeAneHHO n poab h ra kjt c KOHTpoiiMpyeMOH 
cxopocTbio Mepe3 o6nacTb MaxcMMa/ibHoro 
rpaAMeHTa TeMnepaTyp a 30ny tcpi*cTan/m3a- 
UMM. MoHOxpMCTaji/iMHecxMO MgF 2 . nonyMCH- 30 
hum A3HHUM cnoco6oM, odnanaer bucokhm 
nponycxaHweK. a VO-. bh^hmo* a MK-o6jia- 
crux cnexTpa. B cbsism c nanumieM 6o/ibujoro 
TeMnepaTypHoro rpaAMeHTa a aoHe pocTa - 
nopnAxa 400°C 3aroTOBKM no/iyHaxyrca 6/iom- 35 

HWMM C npOMSBO/lbHOH OpMBHT3LlM6U M HeO" 
AHOpOAHbJMM nO HanpHXeHHflM BHyTpM 

MaTepnana. KpoMe Toro. b xoAe abipaiunBaHMp 
He VAan«K>Tc» TpyAHo/ieryHMe npuMecu. kotg- 
pbie HepaBHOMepHO pacnpeAeflnwrcR no Ha- 40 
npaB/iemiK) pocTa KpvtcTanna. 3to npuaoAKT x 
HeAOCTaTOMHOH paA«aunoHHow CTOPKOCTM 
xpMcranna. 

M3BecTeH cnoco6 omuctkm <ptopwaob ny- 
TeM aosroHKH HarpeToro a nnaTwnoeoM rwrne 45 
ncxoAHoro MaTepMana b noTOxe cyxoro <J>Topn- 
doro BOAopoAa. AaHHbift cnocoS He o6ecne- 
MMBaeT nonyneHve 6onee mmctux <J>topmaob m 
oonee oahopoamwx MonoKpHCTa/i/ioa. Tax xax 
XMC/iopoACOAepxamwe coeAMHeHna noAeep- 50 
rax)Tcp 4>ropMpo8aHMK> m ocaxAawTca e aoHe 
pocja. Cnoco6 He npMMeHMM nn* nonyMeHMa 

MgF 2 C BWCOKOM CKOPOCTbK) pOCT3. 

Hanbo.iee O/imskmm k aaaa/ieHHOMy no 
rexHono.uMecKOMy npoueccy. no coBoxynno- 55 
cth cymecroeHMbix npM3H3Koa aBiineTca cno- 
co6 nonyu eHMfl onnmecKoro aneMenTa 
BKmoMaxjiuMrt HaneceHwe na HarpeTyio nor 
noxcxy nyiftM aa-yyMHoro ucnapeHMa npeAaa- 
puTe/ibHo npoxaMeHHoro cy/ib$nAa mmhk3. 


Mcna peHMe npoaoABT co cxopocTbK) 0,02- 

?0M-7ofloV PH 7 *» ne W>* HCnapeH^a 
SJ° n 80 C M ^Mneparype noA/ioxcxM 650- 
»w c. noAnomxa BbinoAHeHa us nonMKow- 

™^ e " 0r ° cefle A*Aa UMHxa. AaHM«M 

Se«H^p"°: yMa,0r onru- 

MeCRMH 3iieM6HT B BMAe AMCX3 C SamHTHyM 

cnoen M3 cyflbOKA* mmhxb c at-coxofl Tiexc 
HocTbio aamnrbi aneMeKTa np M paCore a ne- 
eflaronpMBTHbix noroAHbix ycftOBwax 

OnwcaHHbiM TexHonorwHecxMH npouecc 
He no3BOii«eT nonymrrb MOHoxpncxaA/iMMe- 
cxmh aneneHT M3 <pto P haob menoHHoseMenb- 
hwx MeTannoB, b m8cthocth M0F2 na-aa 
eo/ibuioro rpaAMeHTa TeMnepaTyp (ao 

3aAaseH M3o6peTeH M a aa/weTc* bosmojx- 
hoctl noAyMeHMa MOHOxpnCTaAAOo <$>TopitAa 
MarHwa c noBbiuieHHOM npoMHocTbio m paAMa- 
Umohhom CTOMxocTbio MaTepna/ia. a raxxce 

OpMeHTHpOBdHHOrO B n/IOCKOCTM X P MCTaJl/ia 

Taxaa 3aA3Ma pemaeTca c noMombio cno- 
coaa, xoTopuM aaxiHOMaerca b HarpeBaHMM mc- 
xoAHoro Marepwana. ero aaxyyMHOM 
McnapeHMM c peryAMpyeMoft cxopocrbio na Ha- 
rpeTyw noAnoaxxy m b kotopom a ot/immhm ot 
nporoTMna b icaMecTae mcxoahoto Marepna/ia 
cooTeeTCTaeHHO Mcnoab3yioT nopouiKoo6pa3- 

HblM U/IM KpHCTa/l/IMMeCKMM <|»TOPMA MdTHMa 

wcnapeHHe npoaoAf t npw TeMnepaType Mcna- 
peHMa 1200-1300°C co citopocTbio ocaxcAe- 
hm» ocHOBHoro xpwcTaAnMMecxoro BeiuecTaa 
(pocra xpHcran/ia) 0.6-2.4 mm/m Hd n OA nox(Ke 
narperoM ao 11O0-1180°C flp M 3T om Zeneco- 

OBP33HO MCnO/lb30B3Tb nOAnOJKXy M3 3MOP(fc 

Horo Marepnana. Tsxmm Maxepiia/iOM noxcer 
6biTb TxsHb ms yr/iepoAHoro ao/iOKHa. 

Bo3moxho peiueHMe nocTae/ieHHOM 33Aa- 
mh m c Mcno/ikaoaaHMeM noAnoxcxw 113 toto x<e 
xpucTannHMecxoro MaTepnaAa. mto m Bbipaiun- 
BaeMbtw xpMCTa/i/» c 3aAaHHon opueHTauMeM 
MaroTOBaeHwe xce noA/ioxtKit ms iMoptpHOro 
MSTepnans aenneTCa 6oaee npo-^TbiM m Aeiue- 
BbiM cnocoOoM. TauwM MaTepwa/iOM MoxteT 
6«Tb xepaMMxa (AI2O3). anop^Hwe MBTa/inbi. 

AaHHWM cnocoOOM nonyMaeTca oco6o- 
npoHHufl M paAMauMOHHo ctomxm(* MaTepwan 
33 weT C03A3HMB 6e3Ae(|>eiCTHOM CTpyrrypbi. 
coAepxcauieA .3HaMMreabHo Menbuie nptiNte- 
ceft. b sacTMocTM oxtMAOB. 4»TopnAOB, xap6n- 
Aob m T.n. OMMGTxa ocHOBHoro aetuecTaa 
AOCTwraeTca sa cw McxntOHeHMa npviMecert 
paaHOM CTeneHw rteryMecTM. Tax xax ocMoanoe 
eemecTBO o6uaAaeT 6oiibiueM CTenenbio neiy 
secTM no OTHOuieHMio x yxaasHHUM npwMecaM. 

nonyMeHHuft MOHoxpMCTaitn MMeeT opw- 
eHT3UMK> b n/iocxocTM (110). nepneHAMKy/iflp- 
HOfl ocm pocTa, mto AocTMraeTca nyreM 
pea/iH3auHM Han6onee BbiroAHOH c anepreTM- 

HeCKOM TOM KM 3peHMfl KpMCTa/I/IMMeCKOM OpM- 


eHramiM npw oca*AeMMM Beuiecrea M3 na- 
pa b 30hc Manoro T<*MnepaTypMoro rpaAMen- 
Ta (AT -20 200" C). a TaKxe wcno/ib30Bam«» 
noAflo*™ M3 aMOp^Horo MaiepMana. Amoo4>- 
hwm MaTepwan Me B3awMOAe*cTayeT c <frn>p»- 
A om MamMR. Me oxaswaaeT Ma pactyin^* 
KpwCTann 3MepreTvmecxoro B03AewcTawa. Tax 
rax oTcyrcTBywT cwnw Aant>Hero nop«Axa. 

nnocitocTb cnanMMOCTM MOMOxpwcTanna 
nepneMAWxyn»pHa noAnoxcxe. mto Haw6o/tee 
BwroAHO an* opweMTauuM xpMCTanna otmocm- 
TenbMO noAiowKM c 3HepreTwecxo* tomxm 

3peMMS».. 

y K333HHbiH TeMnepaTypMWM pexwM aena- 
eTC« onTMManbHbiH nna nonyMeHH* MOMorpw- 
crannoB <t>Topw A a m a tmmb aucoxoro 
omnMecicoro KaMecTaa. opweHTMpoaaHHoro a 
nnoCKOCin(1 10). CxopoCTb KOHAeHCailMM nOA- 
6npaeTcn m ynpaB/iaeTca 3xcnepnMeMT3#ibHO. 
TeMnepaTypMue pewMMM noAoGpaMW axcne- 
pHMeHTanfcHbtM nyTeM c noMOiubio xoMCTpyx- 
umm KOHTeAHepa. cooTaeTCTeyiomeM 
ycTaHOBKM MarpeaaTenfl. sxpaHoe. TepMonap. 
flpM 3tom noAnoxcxa MO*teT pacnonaraTbCB 
k3kq MenocpeACTaeMMOM 6ni«30CTM ot aarpy- 
jKeHHoro cbipb». Taic m b MaxcwMa*bHOM yAa- 
neHMM ot Hero. cocTaanaiomeM 2.5 AwaMeTpa 
KOHie*Mepa. mto ooecneMwaaeT Heo6xoA»MbiA 
TeMnepaTypMbtM rpaAwcm. Oahsxo sto pac- 
croflHvte Me A0ii*MO npeBumaTb yxa3aHHbi* 

HaKCMMyM, T3X K3K B TipOTMBMOM CJtyMaB 3TO 

aeAet x 3arpa3HeMwo ocMOBMoro BemecTaa ot 
cTeHOK KOHTeMMepa. ; 

Ha<t>nr. 1 M3o6pa5«eM o6mw« bma wcnapw- 
TenbMO-ocaAMTeiibHOM ycTaMosxM, xoTopaa co- 
A ep>KMT KOHTCHHep 1 c xpwuixoa 2. no A 
kotopoA c noMOiubio npM3KMMMoro iconbua 3 
vKpennena noA"0>«x3 4. Ha noAnoaxxe 4 o6pa- 
3vexca MOMOxpMCTann 5. McxoAMoe cupbe 6 
noMemaeTcn Ma amc xoMTeflMepa 1. xoaxcw- 
a/ibMO KOTOpOMy b MenocpeACTBeMMO* 6jim30- 
ctm ot ero CTeHOK pacnonojxeM MarpeaaTeiib 7. 
3icpaHbi 8 oxpyjxaxrr xoHTewMep 1 c HarpeBaTe- 
neM 7. C MapyxtMOrt ctopohw A wa xoMTe*Mepa 1 
ycraHoeneMa TepMonapa 9 Ana HarpeaaMMH wc- 
xoAHoro Maiopwana 6. a b6iih3m noAflOKXH 5 b 
cieMre KOHieMHepa 1 ycraMOBneMa repMonapa 
1 0 Ana pasorpeBaHMii noAnoxtxM 4. 

Ha <|>wr. 2 w3o6paaceMa 3aBMCWMOcn» npo- 
nycicSHua MOHOxpwcTan/iMMecxoro MgF2 ot 
nnMMbi BonHbi npw paanuHMux Aosax >*o6ny- 
MeHna KpwBbie (a) w (6) - xapaxiepwcTwxH mo- 
noupMCTanna. nonyMeMHoro npeAiiaraeMbiM 
choco6om npw o6nyMeMMH 1.1 -10 Cy w 
5.1 • 10 5 Cy cooTaeTCTBeMMo. a npw owe (b) m 
(r) - xapaKTepwcTMXM MOHOKpwcTawia. non- 
yMeHHoro owpaiuMaaMMCM M3 pacnnaea coot- 
eeTCTaeMHO npvi Tex xe 3M3mcmmbx ao3« 
; 4 -M3/iyMeHM«. 


npe A naraRMbiA cnotoG nonyMCHim mpho- 
KpwcTan/ioa MgF 2 ocyiuetTBoaercfl cneAVW* . 

IUUM ofipa30M. B XB33lt3aMICHyTbllft KOHTCMIiep- 

; c KpuuiKoa 2. BbinonMeMMbii'1 ^3 rpa«t>i«ia. 
5 noKpuToro cnoeM nwpoyrncpOAa. sarpy^cawt 
ocKO/iKu nonyMeMMoro M3 pacnnaea 6 <t>iopnAa 

MafMMB. BQAM3M KpblUJKM 2 BHyipM XOHTeflHC- 

pa c noMOiubio npMMMMMoro xonbua 3. ewnon- 
HeHHoro M3 HCMTpanbHofa MarepMa/ia. 
10 Har.pMMep. rpa$MTa ycTaHaanHBaeTcn hoa- 
noxxa 4 M3 aMop4>Horo MaTepMana. H3np*4Mep 
TxaMM MsyrnepOAMoro eonoxMa. npw stom ron- 
uiviMa TxaMM cocTaB/iaet 0.8-15 mm c fonim*- 
HOM hmtm 0.5-1 MM. TltaMb 6epeTCfl 
15 nMporpa4>MTM3MpoB3HHan Mapxn niT. 3aA3H- 
muw rpaAMeMT TCMnepaiyp co3AawT. noMe- 
man xoMTewMep a cooTBeTCTBymmyio o6flaerb 

C4>0pMMp083MM0r0 Meo6xOAMMblM 06p330M 

TeMnepaTypMoro non« nyTeM noA^opa komct- 
20 pyicuMM MarpeaaTe/ifi 7w axpaHoe 8. C6ooxa 
nOMeiuaeTcn b repMe™3MpoBaMny» xaMepy. a 
KOTOpOM co3Aa»T BaxyyM c noMOiubio <t>opaa- 
m/yMMoro m AM4»t>V3MOHMoro nacnaHux naco- 
cob. npw x o m h a t mo m teMnepatype b 
25 ycTaMoaxe AOCTMranw j&BneHVin ocTaTOMMbix 
ra30B P=0.1 na. npw TeMnepaType ncnapeMMfl 
BaxyyM cocTas/iB/i aenwMMHy nopn A xa 1 - 10 fla. 
TeMnepaTypMbi* pextMM aaAawT c noMOiubio 
AByx TepMonap9 m 1 0, coot aeTCTee mho pacno- 
30 nojKeMHbix oxono aarpyxieMMoro wcxoAHOro 
MaTepMana 6 w noAnornxw 4. HarpesaMwe na- 

MMH3X3T npM AOCTMKCHMM AaBiieMMH P-0.1 ria 

m npoAonxtaiOT b TeMeHue 8-12 MacoB. JXnn- 
TenbMOCTb npouecca ncnapeHn« cocTaB/ineT 
35 8-24 m. flpw onTMM3fibHOM cxopocTW ocamAO- 
hmb 0.6-2.4 mm/h nonyMaiOT xoMnaxTMWM ppcx 
MOMoxpwcTa/inMMecxoro MgF 2 ToniUMMOrt 8-25 
mm. npw sarpysxe wcxOAHoro MdTepwana 1.5 
xr M3 ocko/ixob xpMCTaiina 6bin nonyMeM momo- 
40 KpMCTan/iMMecxMrt ahck ambmctpom 100 mm m 

TOntUMHOM 10 MM. 

BHeujHM* bha MOMOxpwCTanna - amck 
aMeTppM 100 x 10 mm c xapaxTepMCTuxaMM; 
nnoTMOCTb 3.18 t/cm 3 ; MwxpoTBepAOCTb 3.7 
45 rna; npoMHOCTb na H3ru6 65.5 MPa: TpemMMO- 
CToa*ocTb(Kic)0.9l8Mna • m , mto noA T ^ep- 
xcAaeT Bbicoxoe xaMecTao nonyMeHMoro 
MOMOxpwcTanna MgF2. 

Pe3yiibTaTbi xuMxpeTHUx pexwMoa cseAe- 
50 hu a Ta6/iwuy. 14a npwaeAeHMbix b Ta6nwue 
npMMepoa HeonTMMa/ibMbiMM bbjibwtcm cneAY- 
wmMe: hfc 1 -TeMnepaTYpbi McnapeHvw wocam- 
AeHMB HCAOCTaTOMMbi a»» nonyseHWB 
npoMMoro o6pa3ua; l^r* 5 w 6 - TeMneparypa 
55 McnapeHMB npesuuiaeT 3anBneMMbi» pexcuM 
npw MaxcwMajibHOft reMnepaType noAflOxxw w 
npeabituaeT 3tgt ypoaeMb. mto npwaoAMT ic 
ocaxAeMMio •cpynHo6noMHbix o6pa3UOB c Ha- 
pyuieMMOft opMeHTBuiiew OTAeiibMbix yMacTxos; 
r* 7 - BManor - M3 pacnnaaa nonyMaeTca npo- 


7 
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M380/»bH0 OpweHTHpOBaHHWM OTHOCMTenbHO 
OCW pOCTa. MM6GT MeHbUjyiO npOMHOCTb VI Me- 

Hee paAwauMOMHo c roex. mo ocoOeHHO 3aMeT- 

HO no CHVUKBHtlK) XOS^MUMeRTa 

nponycxamiq a o6nacm 220-280 mkm (cm. 
<t>w\ 2). KpvtcTannbi. no/iyseHHue e orrniMaiib- 
hom pexMMe no aananeHHOMy cnoco6y (npw- 
Mepu 2-4) o6naAa<OT 6onee bucokhmw 

npOMHOCTblO M paAMaUMOHHOA CTOH KOCTbK), 

CTporo opweHTMpOB3Hu nepneHAMicy/inpHo 
OCM pocra. 

H3MepeHwe caotfcTea npoBOAtuiM b coot- 

BeTCTBMM C 06menpMH«TblMM MeTOflWKaMH. Pa- 

fliiauwoHHyK) CTOAicoCTb onpeAern/iM, 
H3Mepnn ro5pa3uoa nowe o6nyMeHMs y-wa- 


n\<en*et* w Co b TeneHue 6-24 m. Ko3$o>mum- 
em nponycitaHun oSpaaqoB onpeAena/iu c no- 
Moiubio cneKTpo<|>oTOMeTpoB CO-26 n 
HKC-29. OnpeAe/ieHMe MMxpoTBepAOc™ » 

5 TpeiMMHOCTOPtKOCTM npOBOAMrtM Ha MMKpO" 

ToepAOMepe flMT-3. MwxpoTBepAOCTb onpe- 
Ae/i»nyi npw narpyaxe 1H. TpemMHocTO&icocTb 
npw 5.6H. npoHHOCTb na H3rn6 xoHTponnpoBa- 
nw MeTOAOM MeTbipexTOMeMHOro nsruSa Ha 
10 yHnaepca/ibHOM vicnbuaTe/ibHow MatUMHe 
"Instron". 06pa3i*bi ana McnbiTaHMA naroTOB- 
fl»/!M b 4>opMe napa/inenenHneAOB. rijioTHOcTb 
o6pa3UOB onpeAenn/iM npw noMoiuu rwApo- 
CTaTvmecicoro BsseiuuBaHMA a To/iyone. 


Hom«0 new Me- 
ga 

• -co. °C 

T. pocra °C 

Ccoooet* ocu- 
«em>a. 

(MacconcptMO- 
ea.iV,) 

Crpyvrypa. cpt«M*n> 
pssmco. »ep»«*. mm 
(opMCMTutm napa*- 

npotxoo* Ma 
tur*8 MTU 
(spManrattxa 

nponycvaM«« n 

0C« ofinyxf™* 
J-M) 





nflOKOCTM) 

1.1 -i0*Cy 

5 1 10 3 Cr 

i 
J 
3 
4 
5 

6 

7 

1100 
1700 
1260 
1300 
1350 

1350 
wi pacnsaw 

1000 
1100 
1180 
1180 

lira 

1230 
1420 

0.0008(0.07} 

asris) 

'.2130) 
2.4(60) 
M*180) 

6.0(150) 

(2-17) 

MOMtxtpMcra/u (1 10) 

UOHWpHCTUW (110) 
MOMOcpHCtaon (110) 
KpynwoO hnn iril 

MOMOXpMETaWi 

MOMOspMcranfi 
MoMOVpHCrana (-} 

5.S0 (113) 
6 S (It Of) 
6.50(110), 
6.00- (110) 

5.50 -(110) 

5.14(110) 

0 
25 
63 
60 
60 

60 

39 

0 

/o 

55 
50 

50 

50 
32 


CD o p m y n a M3o6peTeHnn 

1. CnOCOB BblPAmUBAHUfl KPM- 
CTA/l/lOB H3 riAPOBOfl 0>A3bl. bk/ho- 
Maiomwa HarpeB ticxoAHoro MaTepua/ia. 
ero BatcyyMHoe wcnapenue *c perynnpye- 
Mort CKOpocTbio na HarpeTyio n» \no*cicy. 
OT/iHMaiomMMCsi T6M, mto b Kan en Be wc- 
xoAHoro Marepwana Mcnonb3yioT nopouioic 
unw pa3Apo6neHHwe xpucTa/mu 4>Topn.Aa 
MarHHs. wcnapeHne npoeoAflT npw TeMne- 
parype wcnapeHWn 1200 - 1300X Co cxo- 
pocTbto ocaxcAeHMR ocHOBHoro xpvician/iM- 


Mecicoro 8eu4ecTaa 0.6 - 2.4 mm/h Ha 
noA^OKKe. HarpeTOft ao 1100 - 1180 C. 

2. CnocoS no n. 1, OT/innaiotUMSiOfl 

TeM. MTO OCaXAeHMe OCHOBHOrO KpMCTa/l- 

/iMsecitoro BemecTsa nponaBOAflT na noA- 
noxcKy. Bu noriHeHHyto M3 aMop<J>Horo 
MaTepna/ia. 

3. Cnoco6 no n. 2. OT/iMnaioiuMrtcfl. 
TeM, 4x6 . ocajKAeHne ocHOBHoro tcpwcTa*- 
ziMMecKoro eemecTaa npon3BOA»T Ha noA- 
noxKy. BbinonHOHHyto b bmag OTpe3Ka 
TxaHM M3 yrnepoAHoro Bo/ioxHa. 
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